Background. Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) is an emerging pathogen for which the prevalence, risk factors, and natural history are incompletely understood.
ulations, hospital admission within the past 12 months has been noted to be a risk factor for CA-MRSA carriage; however, genotypic and phenotypic characteristics of CA-MRSA suggest that most strains have not originated from hospitals [15] [16] [17] [18] [19] . Varying definitions of CA-MRSA and the fact that most studies have focused on participants who are already seeking health care in either a clinic or a hospital setting may have limited these prevalence and risk factor studies.
The virulence of CA-MRSA may not be limited solely to its resistance to b-lactam antimicrobial drugs. CA-MRSA appears to have a distinct exotoxin genetic armamentarium-in particular, the Panton-Valentine leukocidin (PVL) locus-which has been associated with severe infections [17, 18, [20] [21] [22] [23] . The significance of CA-MRSA colonization and the presence of the PVL locus with regard to virulence have yet to be determined prospectively.
The purpose of this prospective observational study was to determine the prevalence of CA-MRSA colonization, to determine risk factors for CA-MRSA colonization, to determine changes in this colonization rate over the study period, and to determine the clinical importance of CA-MRSA colonization by correlating infection rates and the presence of PVL.
MATERIALS AND METHODS

Study design.
We conducted a prospective observational study assessing CA-MRSA epidemiology in US Army soldiers. Demographic data and swab samples from the nares for S. aureus cultures (hereafter, "nares cultures") were obtained from soldiers upon arrival at Fort Sam Houston, Texas, for training and again 8-10 weeks later. Clinical presentations of infections were correlated with nares culture results. S. aureus isolates were characterized by examination of antibiotic susceptibilities, mecA confirmation, genotyping, and PVL gene testing. The Brooke Army Medical Center Investigational Review Board approved the protocol.
Study participants. US Army personnel enrolled in the Health Care Specialist Course from 25 August to 18 December 2003 were eligible for the study. This course trains soldiers as combat medics, with the first 10 weeks being entirely outside a health care environment. These soldiers were communally housed in barracks under a strictly controlled training schedule.
Specimen collection, identification, and susceptibility testing. The study was designed to begin on the first day of training. After written informed consent was obtained, a questionnaire was administered to all participants that asked for epidemiologic information involving the preceding year. This questionnaire solicited information regarding participant age, gender, previous training site, previous antibiotic use (and indication), previous nasal or oral corticosteroid use, residence with patients with chronic diseases, residence with a person who had been admitted to the hospital, participant hospital admission, hospital or nursing home employment, and residence with children under the age of 16 years.
After questionnaire completion, nares culture specimens were collected with CultureSwabs with Stuart media (BBL). Within 4 h of collection, specimens were plated onto mannitol salt agar. Mannitol fermenting colonies were isolated and plated onto trypticase soy agar with 5% sheep's blood. Reisolated colonies were screened with tube coagulase and Gram staining. S. aureus isolates were tested with oxacillin screening agar (Mueller-Hinton with oxacillin, 6 mg/mL; Becton Dickinson). MRSA isolates were tested for susceptibility by disk diffusion to tetracycline, vancomycin, clindamycin, erythromycin, trimethoprim-sulfamethoxazole, ciprofloxacin, rifampin, linezolid, and daptomycin. Inducible clindamycin resistance was assessed with a double-disk diffusion test (D-test). All microbiological procedures were conducted according to NCCLS guidelines [24] .
Eight to 10 weeks after the initial nares culture, a second culture was performed in the same manner. Similarly, a second questionnaire was administered to assess epidemiological information during the interval observation period. This questionnaire inquired about interval antibiotic use (and indication), interval nasal or oral corticosteroid use, participant hospital admission, participant soft-tissue infection, and participant hospital or clinic training exposure.
Over the 8-10-week period, participants were observed prospectively to assess for clinical soft-tissue infection. All participants were seen in a single clinic for any acute illness, and when needed, they were referred to Brooke Army Medical Center, a tertiary care center. Health care providers were blinded to the nares culture results. Bacterial wound cultures of clinical specimens were processed in the Brooke Army Medical Center microbiology laboratory. Clinic records were reviewed daily for soft-tissue infections in study participants. Participant record review was facilitated by the fact that they were served by a united health care system with a single computerized records system, microbiology laboratory, and record depository. Finally, a retrospective review of all codes from the International Classification of Diseases, 9th Revision, was conducted to ensure the capture of all participant clinical information.
All MRSA isolates obtained from both initial and terminal nares samplings and all MRSA clinical isolates underwent additional laboratory studies. We prospectively defined CA-MRSA as a specimen isolated from a participant without known MRSA risk factors for which the CA-MRSA organism possessed a characteristic CA-MRSA antimicrobial susceptibility profile and a molecular profile different than our prevailing hospital-associated MRSA strain. Our predominant hospital-associated MRSA strain is resistant to all b-lactam agents, fluoroquinolones, erythromycin, and clindamycin.
Molecular typing with PFGE. DNA was digested with SmaI and resolved with the CHEF-DRII apparatus (Bio-Rad). Gel findings were resolved by Quantity One specialized software, version 4.1 (Bio-Rad). PFGE patterns were interpreted on the basis of established criteria [25, 26] .
Detection of mecA. Real-time PCR performed with a LightCycler (Roche) was conducted for amplification and hybridization probe-based detection of the mecA amplicon [27] . Fluorescence curves were analyzed with LightCycler software, version 3.5.3.
Detection of PVL. The methodology for PCR amplification has been described elsewhere [20, 28] . ITBioChem designed oligonucleotide primers for PCR amplification of the lukS-PV and the lukF-PV genes. Primer sequences for the PVL genes were as follows: PVL-1 (which encodes lukS-PV), 5 -CTGGTGCGATTCATGGTA-3 ; and PVL-2 (which encodes lukF-PV), 5 -CGATATCGTGGTCATCACA-3 . S aureus strain ATCC 49775 was used as the PVL-positive control. Statistical analysis. The null hypothesis was that there is no relationship between the initial sampling results and the subsequent rate of infection. Expecting a prevalence of 3% and an increase of 10% to be clinically significant, we estimated that 800 participants were needed to detect the expected difference in prevalence with a level of confidence of 95% and a power of 80%. The associations of methicillin-susceptible S. aureus (MSSA), CA-MRSA, and no S. aureus colonization with subsequent infections were compared by the x 2 contingency test. Univariate analysis for significant variable associations was performed with the x 2 contingency test. Multivariate analysis for significant variable associations was performed by logistic regression. We used SPSS statistical software, version 11.5 (SPSS), for our analysis.
RESULTS
Population characteristics.
Of 1230 soldiers eligible for the study, there were 812 volunteers, of whom 619 were men. The participants were 18-44 years old (mean age, 21 years). Almost all participants had arrived directly from the US Army's 5 major basic training sites (table 1) .
CA-MRSA colonization. At the initial sampling, 24 participants (3%) were colonized with CA-MRSA, and 229 participants (28%) were colonized with MSSA. Seven hundred sixtyone participants were available for the second sampling (94% of the initial 812 participants). Participants had dropped out of the study population for the following reasons: academic failure, disciplinary action, redeployment to another station, and family emergencies. None dropped out because of illness. At the second sampling, the CA-MRSA colonization rate had decreased to 12 (1.6%) of the 761 participants and the MSSA colonization rate had decreased to 152 (20%) of 761. No participant with initial MSSA colonization subsequently developed CA-MRSA colonization. Four (1%) and 40 (8%) of the 523 participants with no initial S. aureus colonization subsequently developed CA-MRSA and MSSA colonization, respectively (table 2).
Risk factors. After univariate and multivariate analyses, a statistically significant risk factor for CA-MRSA colonization at the initial sampling was antibiotic use within the previous 6 months ( ) (table 3) . Participants who had lived with P p .03 children younger than 16 years of age were noted to have lower rates of CA-MRSA colonization ( ). Antibiotic use dur-P p .002 ing the study period and a personal history of frequent softtissue infections were significant risk factors for CA-MRSA colonization at the second sampling ( ); however, these P p .010 did not remain significant with multivariate analysis (table 4) .
Antimicrobial susceptibilities. Antimicrobial susceptibility testing indicated resistance patterns suggestive of CA-MRSA strains in all of the MRSA isolates (table 5) . These patterns were different from the predominant hospital-acquired strain at our institution. Eight (18.6%) of the 43 isolates susceptible to clindamycin demonstrated inducible clindamycin resistance.
Virulence factors. Of the CA-MRSA 45 isolates available for testing (9 clinical isolates, and 36 nasal isolates), the genes lukS-PV and lukF-PV, which signify the presence of PVL, were detected in 30 (67%). Of the 9 clinical wound isolates available for analysis, all 9 were PVL positive. Of the 36 nasal isolates, 21 (58%) were PVL positive. Molecular analysis. PFGE of the 45 total CA-MRSA isolates recovered (nasal isolates and clinical isolates) demonstrated 8 distinct genotypes. These strains were different from the predominant nosocomial MRSA strain at our institution. One genotype accounted for 25 (55.6%) of the 45 total CA-MRSA isolates. This predominant strain appeared similar to the pulsed-field type USA300, as recently described by McDougal et al. [29] . Eight of the 9 clinical CA-MRSA isolates available for analysis belonged to this genotype.
Clinical impact. Colonization with CA-MRSA at the initial sampling was a significant risk factor for developing clinical soft-tissue infection during the study period (figure 1). Nine (38%) of 24 participants who were colonized with CA-MRSA developed soft-tissue infections, whereas 8 (3%) of 229 participants who were colonized with MSSA developed soft-tissue infections ( ) (table 6 ). The infection rate for partici-P ! .001 pants who were colonized with neither CA-MRSA nor MSSA at the initial sampling was 2% (12 participants), which was not significantly different than that for those with MSSA colonization. Of these 9 CA-MRSA-colonized participants who developed soft-tissue infections, 8 (89%) had been colonized at the initial sampling with a PVL-positive strain of MRSA.
CA-MRSA-colonized participants developed the following infections: cellulitis without abscess (1 case), abscesses with no obtained culture specimens (4 cases), and abscesses from which CA-MRSA was cultured (4 cases). The single participant who developed cellulitis had been colonized with a PVL-negative strain of CA-MRSA. The 4 participants whose abscesses were not sampled for culture had undergone incision and drainage. All 4 of these participants had been colonized with a PVLpositive strain of CA-MRSA. The 4 abscesses that were sampled for culture and analyzed all demonstrated the predominant PVL-positive CA-MRSA genotype, and each was indistinguishable from the strain present at their initial sampling.
MSSA-colonized participants developed the following infections: cellulitis without abscess (3 cases), abscesses with no obtained culture specimens (3 cases), and abscesses from which CA-MRSA was cultured (2 cases). Both of these CA-MRSA isolates belonged to the predominant PVL-positive genotype. Three participants with abscesses had them incised and drained, but specimens were not sent for culture. Participants who had not been colonized with S. aureus at the initial sampling developed the following infections: cellulitis without abscess (4 cases), abscesses with no culture samples obtained (3 cases), and abscesses with CA-MRSA obtained on culture (5 cases). Three of these 5 CA-MRSA abscess isolates were available for molecular analysis. All 3 were PVL positive, and 2 belonged to the predominant genotype.
Six of the 29 participants who developed soft-tissue infections required hospitalization for parenteral therapy and surgical consultation for the management of abscesses, 5 of whom had PVL-positive CA-MRSA strains implicated in the infection.
The remaining participant's abscess drainage was not sent for culture.
During the investigational period, 1 patient who belonged to the recruited cohort but had not enrolled in the study developed a CA-MRSA abscess that was complicated by bacteremia. This patient's clinical isolates demonstrated the same predominant PVL-positive genotype found in study participants.
DISCUSSION
This is the first prospective study of the natural history of CA-MRSA. Overall, this investigation demonstrates that CA-MRSA colonization is a risk factor for subsequent soft-tissue infection and that, likely secondary to unique genes such as PVL, CA-MRSA appears to be more virulent than MSSA. It shows that antibiotic use is a risk factor for developing CA-MRSA colonization. Our study has the benefit of sampling a large group of young, healthy participants from diverse geographical locations completely outside of a health care setting.
We found that 38% of participants who were colonized with CA-MRSA at the initial sampling subsequently developed softtissue infections. Moreover, a single strain expressing PVL, a leukocyte-destroying exotoxin that causes tissue necrosis, was responsible for nearly all of the infections. Nasal colonization with MSSA, as well as with MRSA, has already been described as a risk factor for subsequent infections; however, our high attack rate suggests greater virulence beyond b-lactam resistance alone [30] [31] [32] [33] [34] [35] [36] . This increased virulence may be explained in part by the activity of PVL. Indeed, PVL has been associated with severe pneumonia and skin infections on several continents [17, 20, 28, 37] . Although PVL is found in only 2%-3% of MSSA isolates, all 9 of our clinical isolates (from abscesses) available for molecular analysis carried the gene [38] . In ad- dition, of the 9 CA-MRSA-colonized participants who developed infections, 8 of these had been carriers of a PVL-positive strain. Finding PVL in our CA-MRSA strains is consistent with other reports of the same association [17, 20, 28] . Researchers have postulated that CA-MRSA arose from the insertion of the mobile staphylococcal cassette chromosome mec (SCCmec) type IV into a virulent MSSA strain that already possessed PVL and that the presence of PVL along with SCCmec type IV may actually endow CA-MRSA with a selective advantage over other strains [19-21, 39, 40] . CA-MRSA possessing SCCmec IV may even have a faster doubling time that may further augment overall fitness [41] .
The initial point prevalence of CA-MRSA in our study was 3%. This finding is similar to that of a recent meta-analysis that looked at CA-MRSA prevalence in various populations [14] . Likewise, the prevalence of MSSA was 28%, which is in keeping with historically reported rates, implying that our sampling technique is valid [30] . The finding that the prevalence of both CA-MRSA and MSSA decreased to 1.6% and 20%, respectively, may be due to increased living space and improved hygiene, compared with the basic training environment to which our participants were previously exposed [42] . No one who was initially colonized with MSSA subsequently developed CA-MRSA colonization. However, this MSSA colonization did not seem to protect them entirely from infection because 5 participants from this group developed CA-MRSA abscesses; the 2 isolates available for analysis were PVL positive.
Although risk factors for hospital-associated MRSA colonization have been well described, the same has not yet been done for true CA-MRSA [3, 10, 11, 43] . This may in part be due to disparate definitions of CA-MRSA [14, 42] . In our study, we found antimicrobial use within 6 months preceding initial sampling to be a risk factor for CA-MRSA colonization. Despite the fact that prevalence has been noted to be increasing in pediatric populations, we found that having lived with a child aged р16 years was associated with a lower prevalence of CA-MRSA colonization [44] . An explanation for this finding poses a challenge, because children tend to be more persistently colonized with S. aureus [30] . We suspect that our survey may not have been specific enough to exclude unrecognized factors, and this observation remains an issue for further investigation. It may be that basic training itself is a risk factor: crowding, inadequate hygiene, and possible skin trauma may contribute to S. aureus colonization and thus infection [30, 42, 45] . Outbreaks have been reported in similar environments found in correctional facilities and on sports teams [5, 8, 9] . It would appear that CA-MRSA has some degree of enhanced virulence, compared with MSSA, and that it possesses an epidemiology more closely resembling MSSA than that of hospital-associated MRSA [46] . This would explain the absence of previously recognized nosocomial risk factors associated with CA-MRSA.
Given these results, several questions arise. First, what initial antimicrobial therapy should be used for community-acquired soft-tissue infections? CA-MRSA remains susceptible to numerous non-b-lactam agents. Our isolates demonstrated this susceptibility pattern, which is consistent with other reports [17] . One of these alternative non-b-lactam agents should be considered in communities where CA-MRSA is prevalent, with special consideration given to the presence of inducible clindamycin resistance [47] . Almost one-fifth of our clindamycinsusceptible CA-MRSA isolates actually possessed inducible resistance, which has been noted to contribute to clinical failure [48] . At the same time, routinely submitting incised and drained abscess fluid specimens for culture should also be encouraged because it could not only affect clinical management, but also help define local resistance patterns [47] . Second, it is uncertain whether attempts to eradicate or control CA-MRSA could be effective or required to prevent invasive infection. CA-MRSA colonization decreased in our population during the study period without active eradication efforts, although this decrease did not reach statistical significance ( ). This P p .06 decreased CA-MRSA colonization rate that paralleled the decrease in MSSA colonization may point to epidemiological similarities between these 2 organisms. In addition, although no participant initially colonized with MSSA subsequently developed CA-MRSA colonization at the terminal sampling, MSSA colonization did not protect these participants from subsequent CA-MRSA infection, which occurred in 5 participants.
In conclusion, this study supplements existing knowledge of the natural history of CA-MRSA infection. Our data suggest that CA-MRSA colonization is a significant risk factor for subsequent soft-tissue infection and even bacteremia and that currently circulating CA-MRSA strains may be more virulent than MSSA. This virulence may in part be due to the presence of PVL. These data could help develop strategies for CA-MRSA therapy and control efforts.
